INTRODUCTION
The reduction of nitrate to ammonium and the coupling of ammonium to carbon structures to form amino acids for protein for the synthesis are energy consuming processes growth and development of the sugarbeet.
(l) essential
If the sugarbeet plant could utilize ammonium exclusively, it would eliminate the large energy-requiring, sugar-using step of nitrate reduction, and the sugar saved could be used for plant growth or storage and thereby increase sugar production.
Assuming this could be done, the oxidation of ammonium to nitrate in the soil would have to be prevented or at least reduced greatly. Furthermore, the rate of ammonium absorption would have to equal its rate of utilization or it would have to be stored, like nitrate, without toxicity until metabolized within the plant (3, 4, 9, ll, 13) .
A comparison of NH~ and of N03 can be made with plants in soil under field or pot conditions with and without a nitrification inhibitor (e.g. with nitrapyrin) (5, 10). This approach has the advantage that the results will provide a practical answer to a practical problem. It will, however, fail to answer so 4
as required.
The objective of this research was to determine the effects of ammonium and of nitrate, singly and in combination, on the growth, sucrose concentration, sucrose yield, and juice purity of sugarbee ts when grown with calcium carbonate in a complete nutrient solution in a controlled climate under plant growth chamber conditions. for a 2-week period. Germination and growth of the experimental plants took place in smog-free air in growth chambers set at 25°C for photoperiods of 16 hours at an illumination of 43,000 lux (4,000 ft-c, 650 >tE m-2 s-l over a wavelength of 400-700 nm) emitted by a combination of 30, 2.4m, 215-watt, cool-white fluorescent lamps, four l.22m, 100-watt fluorescent lamps, and 22, 60-watt incandescent la mps (6). Shading of leaves by plants in adjacent pots was kept at a minimum by re-spacing the pots equidistant after each harvest.
MATERIALS AND METHODS
Two weeks after planting, the seedlings were at the late cotyledon to early one-leaf stage. These were selected as to size and quality, wrapped around at the hypocotyl with non-absorbent cotton wool and then set upright into a one-hole cork ring and floated in trays containing distilled water. They were transferred at random several hours later to covered, aerated 20-liter pots Later, these solutions, because of the uptake of NH:, were higher in calcium than with nitrate alone. The small differences in calcium or sulfate, however, do not effect plant growth.
All solutions were aerated continuously with smogfree carbonfiltered air. Distilled water was added as needed.
All treatments
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were arranged in a randomized complete block design and were replicated three times for the 6, 9 and 12 week harvests and four times for the 15 week harvest. At the 9 and 12 week harvest intervals, the stock solutions and the required nitrogen salts were added at the H/2 level to the solutions of the remaining pots.
Until the first harvest, all nutrient solutions were adjusted to pH 6.0 with NaOH or H 2 so 4 and thereafter they were buffered at about pH 6. 5 by the addition of more Age in weeks from planting.
•' c* At six weeks the nutrient solutions were changed to a minus-N, half-strength modified Hoagland's solution, plus the different nitrogen treatments.
At the 9-and 12-week harvests, the remaining plants in the ND series received minus-N stock solution only, and in the Ns series the various nitrogen treatments were included. #Mean separations within a row are made by Duncan's multiplerange test, 5% level, except for Tables E and F, which differ greatly as indicated. +Calculated ~ = -0.1935 + 0.6034X 5.4'% sucrose when X = 9.2'7. dry weight. (Tables lA and lB) . Under these conditions nitrogen became limiting and all sources of nitrogen gave approximately the same total yield even though ammonium had been toxic initially (Figures lA and lB) . Further-
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;:::: .... (Tables lC and lD) .
Here, root size was also the smallest (Table   2G and Fig ure 2A) , and concequently the sucrose produced was still smaller (Table 2H and Figure 2B ). Apparently ammonium is harmful to the sugarbeet plant, unless it becomes depleted or until nitrate becomes available t o the plant either directly by absorption, or indirectly by the oxidation of ammonium to nitrate within the plant. Also, it appears that the mere presence of nitrate within the plant largely prevents the toxic effect of ammonia.
This inter-relationship of ammonium and of nitrate may be seen in Tables 2G, 21 , 2J, 2K, 2L and 35 .
With a;n'monium the growth of tops, blades, storage root and fibrous roots was depressed, even though moisture and nutrients were readily available to the plants for growth. Among the plant parts, the decrease in fibrous root growth (Table 2L) On soils re lative ly low in nutrients and water supplying power, root d ama g e c ould induce a n utri e nt deficiency during periods of r apid growth or could cause wilting during periods of high tra n spiration or d r ou ght, which would not ordinarily occur with unda maged f i brou s roots . concentration begin at a petiole nitra t e-N conc e n tration of about 3,000 ppm (dry basis), followed by r apid i nc reases below 1,000 ppm, the critical pe t i o le nit ra te -N conc entration.
PARTITION I NG
The 6-week old plants averaged 466 and 37 g p e r plant on a fresh and dry weight basis, respectively (Table s l A a nd lB).
Partitioned, the tops, storage roots and fibrous roots ma d e up 69, 22 and 9% of the total fresh weight of the plan t (Tables 2M, 3N,   30) . On a dry weight basis the corresponding v a lues were 67, 25
and 8% (Tab l es 3P, 3Q, 3R). These pe r centage s d iffered very little from those for fresh weight. During the ne xt 9 weeks of growth with nitrate as the source of nitrogen th e prop orti on of t ops on a fresh weight basis decreased gradually f r om 69% to 25 and 42%
for the low and high nitrogen plants, respectiv ely (Table 2M) , and on a dry weight basis, from 67% t o 35 an d 37% (Tab l e 3P).
Simultaneously, the proportion of storage root increased on a fresh weight basis from 22% to 63 and 50% for the low and high nitrogen plants, respectively (Table 3N) . On a dry weight basis the storage r'oot values increased from 25 to approximately 57% for both the low and high nitrogen plants (Table 3Q and Figure 3A ).
These distributions of biomass were not affected consistently by substituting NH~ for NO] in the culture solution, starting when the plants were 6 weeks old (Table 2M- (Tables lE, lF and 3T and Figure 3B) . Conversely, quality was high when the petioles were low in nitrate-N (less than 1000
;tg g -1, Figure 4 ), or low in blade ammonium-N (Table lF) or high in brei dry weight percentage (Table 3T) . For example, at the second harvest, when the plants were 9 weeks old, the petioles of the N treatment contained only 12000 ;tg g-l of nitrate-N (Table   0 lE), the blades had only 270 >' g g -l of ammonium-N (Table lF) a!"d the brei had a high dry weight value of 17.2% (Table 3T) , the sucrose concentration of these beets was 10.6% (Table lC) . The corresponding plants treated with nitrate contained 6800 ;tg g-l of petiole nitrate-N (Table lE) . These had only 6.6% of sucrose (Table lC) and a low brei dry weight value of 12.8% (Table 3T) .
Similar relationships were observed with ammonium.
At the 12-week harvest the petiole nitrate-N values for the -1 -1 treatment decreased from 1200 >' g g to 390 >' g g and for the N (Table lE) . The corresponding sucrose concentration for the N 0 treatment increased from 10.6 to 13.5% and for the N0 3 -ND and NH 4 N0 3 -ND treatments they increased from 6.6 and 7.9% to 10.5 and ll. 4%, whereas the values for the nitrogen sufficient plants rem a ined around 7. 3%. The storage roots for plants with the -1 highest petiole nitrate-N value of 1500 11g g in the nitrogendeficient series at 12 weeks (Table lE) a lso had the lowest s u crose concentration, 10.5% (Table lC) , and the lowest brei dry weight, 15.9% (Table 3T) .
Even though the nitrogen-sufficient beets were much lower in sucrose concentration and in purity, the storage were muc h larger in size and consequently the y produced much more sugar than those for the nitrogen-deficient series.
In terms of nitrogen source, the beets from nitrogen-sufficient plants with nitrate were consistently higher in sucrose produced ( Figure 2B of the brei at 6 weeks (Table 3T) is 5.4% (Table lC) .
PETIOLE NITRATE-N
Petioles from the ammonium treated plants contained nitr ate at a fairl y high concentration 3 weeks after treatment, but the values were much lower than those treated with nitrate (T a ble lE).
The source of this nitrate in the ammonium plants could be from Jlg g -l of nitrate-N, whereas those with nitrate added contained 6800 Jlg g-l (Table lE) . These changes in petiole nitrate-N, as m2.r:tioned earher were also related to the sucrose concentration of the storage roots (Table lC and even though the plants were exclusively on a nitrate regime during the first 6 weeks of growth (Table lF) . The ammonium-N present was apparently within the normal background range of 180 to 300
Jlg g -l for older plants fertilized with nitrate onl y. Three weeks after replacing nitrate by ammonium, the blades contained 920
Jlg g -l of ammonium-N, whereas those exclusively on nitrate-N were _l still low at only 180 Jl g g ~.
In replacing nitrate by a mmonium nitrate, the ammonium-N va lue of the blades was reduced to 340 -1 Jlg g
In the 12-week harvest, the comparable va lues for ammonium-N in the nitrogen-deficient series were 390, 230 and Thus, it appears that the toxicity from ammonium is primarily internal and not external.
Internally, ammonium toxicity would most likely occur whenever the carbon structures (carboxylates) fail to combine with the unutilized ammonium in the plant cells. Evidently when ammonium accumulated and was stored in the plant tissues even at a fairly low concentration (Table lF) , damage occurred, whereas when nitrate accumulated and was stored at a fairly high concentration (Table lE) there was no apparent damage to the plant (Tables 1 B   and 2G ).
The absorpt ion and utilization of ammonium or of nitrate by the sugarbeet plant is essentially a two-step process. One is the actual absorption of the nutrient from the soil by the fibrous roots and the other, after translocation, is its utilization within the plant. In the absence of nitrate the solutions become acid, with the pH decreasing quickly to 3.0 for rapidly growing plants.
Injury from acidity was avoided in the present study by adding deficiency, ammonium and nitrate were equally efficient as a nitrogen source, which was contrary to the prediction that ammonium should be a more efficient nitrogen source than nitrate.
In the nitrogen-sufficient series the beets that were supplied with nitrate, either alone or in combination with ammonium, were much larger than those with ammonium alone. These beets, because of their larger size, produced much more sucrose than those from the nitrogen-deficient plants even though their sucrose concentration and purity was much lower. Furthermore, the beets supplied with nitrate were consistently higher in sucrose concentration and purity than those supplied with ammonium alone. All in all, under nitrogen-sufficient conditions, nitrate was somehow a more effective source of nitrogen for sugar beets than ammonium alone, which was again contrary to prediction.
Agronomically, the early damage of ammonium could be important economically, since any damage to the fibrous roots could induce nutrient deficiencies and wilting on soils low in nutrients and in water supplying power. In this instance, nitrate could act as a "safening" agent for ammonium. Plants with petiole nitrate-N values of less than 1000 11g g -l (ppm) dry b8.,cis, were much higher in sucrose concentration and purity than those of plants above this value.
Percent sucrose, ~. can be estimated from the percent dry weight (X) of the brei by the 
